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1 Introduction
During NR-U study item phase, we discussed initial access and mobility procedure for NR-U operation and the followings were captured in the TR38.889 [1] regarding initial access and mobility related aspects.
	Section 7.2.1.3.2 in the TR38.889 v16.0.0 
…
For initial access and mobility procedures, the main issue identified for NR operation in unlicensed band is the reduced transmission opportunities for different signals and channels due to LBT failure. 
The following modifications to initial access procedures have been identified as beneficial:
-	Modifications to initial access procedures considering limitations on access to the channel based on LBT. NR-U needs to develop techniques to handle reduced SS/PBCH block and RMSI transmission opportunities due to LBT failure.
-	Enhancement to 4-step RACH, including developing mechanisms to handle reduced msg 1/2/3/4 transmission opportunities due to LBT failure. 
It is also identified that a 2-step RACH procedure potentially has benefit for channel access.
For SS/PBCH block transmission, it is recommended to define a mechanism to transmit SS/PBCH blocks dropped due to LBT failure. It is also recommended to define a mechanism when specifications are developed for UE(s) to determine the frame timing and QCL assumptions from the detected SS/PBCH block. The feasibility and benefits of beam repetition for soft combining reception of SSBs within the same DRS transmission may be further considered.
For SS/PBCH block transmissions as part of DRS, it is considered beneficial to expand the maximum number of candidate SS/PBCH block positions within the DRS transmission window to Y, for e.g., Y ≤ 64, where the choice of Y may depend on the numerology of the SS/PBCH blocks. The transmitted SS/PBCH blocks do not overlap and the maximum number of transmitted SS/PBCH blocks is X within DRS transmission window with X ≤ 8. The time-domain positions of the actually transmitted SS/PBCH blocks are selected from a set of Y candidate SS/PBCH block positions. Proposals for shift granularity between candidate time domain SSB positions/candidate groups of SSBs, duration of DRS transmission window, and duration of the transmitted DRS within the window including SSBs and other multiplexed signals/channels, were discussed without reaching consensus, and can be considered further when specifications are developed.  
Modifications to paging procedures due to reduced transmission opportunities for paging due to LBT failure are beneficial and have been identified and studied. It is therefore considered beneficial to enhance paging opportunities using the following mechanism:
-	Increased time-domain paging occasions or paging monitoring occasions.
-	This can enable additional paging occasions outside of DRS.


In this contribution, we provide our view on enhancement to initial access procedure for NR-U operation and discuss how to handle reduced SS/PBCH block transmission opportunity due to LBT failure by considering multiple opportunities in a given time window.
2 Discussion 
Handling reduced SS/PBCH block transmission opportunities due to LBT failure 
Similar to DRS in LTE-LAA having multiple opportunities within a configured DMTC window, it can be considered that multiple SS/PBCH block transmission opportunities set up within a given window e.g. 5ms half radio frame in NR-U. Figure 1 shows the candidate slot positions in a slot level for SS/PBCH block transmission in a given time window for 30 kHz subcarrier spacing. As shown in Figure 1, the transmission opportunity for maximum L SS/PBCH blocks can be repeatedly allowed to the next slots for the SS/PBCH block transmission due to LBT failure within a given time window for SS/PBCH block e.g. 5ms half radio frame. From the UE’s perspectives, it may be assumed that the UE receives the same SS/PBCH block index once in multiple opportunities within a given time window from one SS/PBCH block burst set to the next SS/PBCH block burst set.
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(a) Maximum L=4 # of SS/PBCK blocks in case of 30kHz subcarrier spacing
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(b) Maximum L=8 # of SS/PBCK blocks in case of 30kHz subcarrier spacing
Figure 1. Candidate slot positions for SS/PBCH block transmission for a given time window in case of 30 kHz subcarrier spacing
· Proposal 1: Similar to DRS in LTE-LAA having multiple opportunities within a configured DMTC window, it should be considered that multiple SS/PBCH block transmission opportunities can be set up within a given window for handling reduced opportunities of SS/PBCH block transmission due to LBT failure.
During NR-U study item phase, it was discussed to determine how SS/PBCH block transmissions are performed after LBT success. Several alternatives have been identified the shift granularity for candidate time domain SS/PBCH block positions/candidate groups of SS/PBCH blocks, duration of DRS transmission window, and duration of the transmitted DRS within the window including SS/PBCH blocks and other multiplexed signals/channels. One of alternatives is to cyclically wrap around the SS/PBCH block index dropped due to LBT failure to the end of the burst set transmission as shown in Figure 2 [3].


Figure 2. The cyclically wrapping around between candidate SS/PBCH block location index and actually transmitted SS/PBCH block index for a given time window [3]
This alternative seems to be advantageous due to the fact that SS/PBCH blocks with the same SS/PBCH block index can be assumed to be QCL-ed as same as in NR Rel-15 and also it may not be necessary to specify the QCL assumption within a given time window. However, mapping fixed SSB block index into multiple candidate SS/PBCH block locations over different turn-around time window cycle results in unequal number of opportunities for SS/PBCH block transmissions, depending on the SS/PBCH block indices over a longer term. Therefore, we propose to consider SS/PBCH block transmissions with equal transmission opportunities for each SS/PBCH block indices over consecutive turn-around time window cycles. Figure 3-(a) and 3-(b) exemplify the 30kHz subcarrier spacing for SS/PBCH block transmissions (e.g. L=8) with equal transmission opportunities over multiple of 5ms given DRS transmission time windows. Also, Figure 3-(a) and 3-(b) show how to make the equal TX opportunities for each SS/PBCH block indices over multiple DRS TX time windows. To achieve this, we propose re-ordering methods for the SS/PBCH block indices between 2 different DRS TX windows by using a block-shifted order or a reverse order. It seems advantageous in terms of having the same transmission opportunities for each SS/PBCH block index as well as no ambiguity of SS/PBCH index at the candidate SS/PBCH block locations, i.e., SS/PBCH blocks with the same SS/PBCH block index can be assumed to be QCL-ed as same as in NR Rel-15. In addition, considering the fact that the LBT attempt always starts from the first slot in a given window for SS/PBCH block transmission, it may be further considered that a mapping between the candidate position and the actually transmitted SS/PBCH block indexes is performed in reverse order of SS/PBCH block index from the x-th to the (x+1)-th time window as shown in Figure 3-(b). 
· Proposal 2: We propose to consider SS/PBCH block transmissions with equal transmission opportunities for each SS/PBCH block indices over consecutive DRS transmission time windows.
[image: ]
(a) Mapping of shifted order between candidate SS/PBCH block location index and actually transmitted SS/PBCH block index in a different time window cycle
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(b) Mapping of reverse order between candidate SS/PBCH block location index and actually transmitted SS/PBCH block index in a different time window cycle
Figure 3. Under the cyclic wrapping around, SS/PBCH block transmissions as equal transmission opportunity as possible over different turn-around time window cycle

Conclusion
In this contribution, we have discussed how to handle reduced SS/PBCH block transmission opportunity due to LBT failure by considering multiple and equal transmission opportunities in a given time window. We summarize our view as follows. 
· Proposal 1: Similar to DRS in LTE-LAA having multiple opportunities within a configured DMTC window, it should be considered that multiple SS/PBCH block transmission opportunities can be set up within a given window for handling reduced opportunities of SS/PBCH block transmission due to LBT failure.
· Proposal 2: We propose to consider SS/PBCH block transmissions with equal transmission opportunities for each SS/PBCH block indices over consecutive DRS transmission time windows.
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